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1. Context and definitions
Urban areas are places where most of the human activities
take place, namely residential, commercial and industrial
activities. With increased economic activities of these areas
in which the population is still growing, the degree of urba-
nisation is reaching levels that it has never reached before
(Mulligan and Crampton, 2005). This high degree of urbani-
sation can be an explanatory factor of pollution which partly
comes from the energy conversion systems. Shen et al.
(2005), among many authors outlined the tight link that exists
between urbanization and the utilization of energy resources.
If urbanisation continues at the same pace in the future, it will
be inevitably accompanied by dramatic increases in the
consumption of energy and by negative impacts in the envi-
ronment. Therefore, no part of the economic community can
escape the urgency of reducing energy demands. At the same
time, it may be overambitious to decrease the consumption of
energy (ESCTC, 1994). But it may be possible to intervene
on the supply side, not only through a better use of existing
systems (resources and infrastructure), but also through
approaches that introduce the concept of energy services.
Energy services may be defined as non-material notions
reflecting the energy-related desires and demands of indivi-
duals as opposed to energy commodities. Energy services
may also be considered as the output of energy conversion
and supply systems considering the equipment, the commo-
dity flows and the information necessary to meet a given
demand within a well-defined spatial area and given time
frame (Groscurth et al., 1995; Casten, 1995), taking into
account all non-energy technical or technological measures
implemented at the supplier’s or the customer’s site aimed at
saving energy and using it rationally (Voorspools, 2004).
Energy services may also include measures that could also
integrate incentives towards new technologies increasing
productivity, or encourage the introduction and the expansion
of more environmentally sound fuels. 
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Currently, most of energy systems that are found in urban
areas are in their great majority fossil fuel based, some with
a relatively low share of renewable resources. As a conse-
quence, their current architecture is not likely to last more
than a few decades especially for reasons related to climate
change issues (IPCC, 2005). Sooner or later, the world will
have to face the problem of the global availability of fossil
fuels in the future unless radical changes happen in demand
and supply (COM 769, 2000; Bentley, 2002). For these rea-
sons, efforts are made at different levels to change this situa-
tion. At the EU level, a special emphasis is put on the impro-
vement of energy efficiency in all end-use sectors while
increasing the share of renewable energies in the energy mix.
This includes incentives towards efficiency and energy ser-
vices (COM 265, 2005), cogeneration (EU Directive
2004/8/EC, 2004), energy performance in buildings (EU
Directive 2002/91/EC, 2003), all supported by a number of
programs1 financed by the EU Community. In Switzerland,
measures towards sound climate and energy policies were
taken. After the program Energy 2000, which contributed
significantly to a 7% decrease in CO2 emissions compared to
their level of 1990, SwissEnergy was launched in 2001 with
the aim to support an integrated and credible environmental
and energy policy. 
The objective is to present an approach that aims to
contribute to all these efforts. The article comprises four main
sections. Section 2 discusses the limits of the current approa-
ch to energy supply in urban areas. The conceptual approach
is outlined and discussed in Section 3. Section 4 shows an
example of application. In Section 5, challenges and oppor-
tunities are presented.
2. Current energy supply systems: issues
Energy flows are made of a mix of fuels that undergo a set
of complex transformations that aim to satisfy social, com-
mercial and industrial needs, through a complex network of
actors and infrastructures in dynamic interaction (figure 1).
In urban areas, these supply systems require special attention
because large populations are affected by air-pollutant emis-
sions from energy-production and conversion processes. The
demand is generally considered as being composed of pro-
cess steam, hot water, heating energy, and electricity, consi-
dering that almost one half of the world’s energy resources
are employed to control internal environments (Ratti, 2005).
The issue here is that, in a given geographical area (buil-
ding, groups of buildings, districts, or cities), the demand for
energy services in urban areas is not currently managed from
a global prospective. Rather, it is considered from an indivi-
dual prospective, according to the “single-customer approa-
ch”, which generally favours the supply of energy instead of
energy services (e.g. thermal comfort, air quality, lighting,
steam, mechanical work). The supply of energy commodities
(or products) is really what drives the business of the energy
sector, rather than the supply of energy services. The single-
customer approach in energy supply has resulted in the ins-
tallation of unsuitable and unsustainable energy conversion
and supply systems. Moreover, the supplier’s responsibility
generally is not engaged in the management of the conversion
equipment at the customer’s site. Indeed, this can be mainly
explained by the fact that our economies are still heavily
based on products (industrial economy), instead of being
based on functions (service economy). The central value in
the industrial economy is placed on the exchange of products
that are consumed. A functional energy economy must be dri-
ven by performance in the supply of services because the
focus of a functional economy is on strengthening the func-
tion as the key to customers’ satisfaction, instead of focusing
on products (Stahel, 1993). This applies to the energy supply
sector, in which currently, the profit of the actors is tightly
related to the amount of commodities supplied (e.g. electrici-
ty, natural gas). From the economical point of view, these
actors have no economical interest in encouraging their cus-
tomers towards a sound reduction of their consumption. As a
result, there is a lack of interaction between the suppliers and
the customers concerning the very needs of the later. A better
interaction can be achieved not only with a sound and holis-
tic determination of the customers’ needs (functions), but also
by considering the notion of responsibility through the
ownership structure and the management of the infrastructu-
re (production, energy conversion and network). In the next
section, a conceptual framework is presented that can be used
as a basis by utilities and energy services companies that are
in line with objectives of sustainable energy supply in urban
areas.
Figure 1: Energy flows in an urban area
1) SAVE, ALTENER, STEER, COOPENER 
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3. Outline of the conceptual framework
This section presents the conceptual framework. The
acronym for this concept is EPSS or Energy Product-Service
System. From the conceptual point of view, this concept is
composed of (energy) products and services (Tukker, 2004)
that are derived from an appropriate combination of energy
conversion equipments and processes, as well as energy and
communication infrastructure systems.
3.1. Defining the concept
We define it as the set of subsystems made of energy
conversion and distribution equipments, ICT and actors’ net-
works that interact dynamically over time to provide custo-
mers with energy services that are environmentally, socially
and economically acceptable.
3.2. Describing the main EPSS categories
Figure 2 presents an outline of the EPSS, following by a
brief description of each of its components.
Category A (pure product) corresponds to the supply by
the energy services supplier of the commodity (e.g. natural
gas) to the customers (single-customer approach), either
through distribution networks or through other transportation
modes. 
In Category B (product-oriented), the service supplier’s
offer to customers mainly comprises the fuel. The value of
this fuel is increased with useful information that is meant to
both the customer and the service supplier. For the former,
this information may include energy market prices, loads and
other useful info on the efficient use of the resource on diffe-
rent applications. For the second, the info is mainly useful for
the management of loads in the network.
In Category C (use oriented), the role played by the com-
modities (cooling, heat and electricity) is central. Actually,
value is added to the pure products (fuels) by means of
conversion processes along the energy chain with the help of
infrastructure. As a consequence, what is provided to the cus-
tomer is distributed energy, i.e. at the meter. Here, the neces-
sity for a holistic approach as opposed to the “single-custo-
mer approach” is necessary for planning and management
purposes. Moreover, this category can potentially lead to the
creation of sustainable energy conversion and integrated sup-
ply systems. Finally, the integration of renewable energies in
this case will require the creation of a pool of customers in
order to obtain a critical mass of consumption for matter of
investment costs. Examples range from geothermal resources
to the incinerated waste (e.g. www.tridel.ch).
In Category D, it is final energy and eventually additional
services that are provided to the customer, instead of distri-
buted energy. This category is mainly performance-based. It
means that the service provider and the customer(s) agree on
a set of objectives, for example energy efficiency increase,
cost savings, interruptibility, green certificates. There may be
two alternatives, each depending on whether the energy
conversion equipment is owned or managed either by the pro-
vider or the customer. In the first alternative, (“beyond the
meter”) the service provider can intervene beyond the energy
conversion equipment at the customer’s site. This may be
accompanied with the renting, leasing or pooling of the
conversion equipment, with or without the management of
that equipment. In the second alternative, end-use energy
may be supplied, associated with the management of the
equipment. In this case, the contract may involve an agree-
ment on the efficiency of the energy conversion equipment.
Category E is characterized by the supply of a pure servi-
ce, more or less intangible, in which only the function is sup-
plied, e.g. thermal comfort, lighting, refrigeration, all over the
horizon of contract. Therefore, it would be essential to have a
performing ICT system linking the supplier to the customer,
so as to customize the agreed services to the very needs of the
customer. The full or partial ownership and the management
of the energy conversion equipment, and eventually the buil-
ding envelop are under the responsibility of the services pro-
vider. 
One of the main advantages of such a system lies in the
fact that the discrimination among the categories is possible
through contracting schemes; this opens the way to consistent
possibilities of customization, which is currently not the case.
Figure 2: Outline of the Energy Product-Service System
(EPSS) concept
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5. Concluding remarks
An approach based on the EPSS is theoretically very interesting as it can bring out a number of opportunities and chal-
lenges to meet. Efforts are made at national or supranational level all over the world to enhance energy efficiency and encou-
rage the use of more renewable energy resources. The EPSS concept may provide a consistent framework through which
energy service providers can bring a contribution to a less polluted society, with the concept of dematerialization (Stahel,
1993; Cleveland & Ruth, 1999), i.e. increasing the utilization value of the energy resources by increasing the efficiency.
Therefore, solid and consistent strategies can be built, taking into account the energy resources and their degree of conver-
sion (value), and the many options in the ownership and management of the infrastructure. This provides the necessary flexi-
bility for the customization of the contracting schemes, i.e. individual or a wider prospective. Thanks to a strategy based on
this concept, it has been possible to develop a system that helped increase the efficiency of the DHN in Martigny by means
of a consistent approach involving the use of ICT. At the same time, a number of challenges have to be met if such a strate-
gy is to be applied. Firstly, the concept of energy services as presented here is not easy to put in place, especially in larger
scales. Just as experienced by Sinergy in Martigny, such a strategy with long term objectives requires quite important invest-
ments and a consistent policy, as well as the participation of the public, the private and the civic sphere. Typically, this asso-
ciation is necessary to find the necessary financing mechanisms and to spread the risks among the parties. Therefore, the
second challenge concerns the modelling of the contracting schemes of the different categories, especially from C to E, for
which the issue of customization must be solved. Finally, the issue of pricing must be solved, especially in Category E.
As already mentioned above, Sinergy’s strategy for the long term is to increase the service part in energy supply, so as to
reach Category E. This is currently under development by a team comprising Sinergy, the CREM and a number energy com-
This approach also increases the degree of interaction bet-
ween the service provider and his clients, and therefore opens
up the way to more efficient measures to increase the quality
of supply of the overall supply system.
4. Application to the case of Martigny
Martigny is a small city located in the South West of
Switzerland. Sinergy is the utility that distributes energy
(natural gas, district heating and electricity), drinking water
and cable TV through networks to the city’s 15000 inhabi-
tants. In order to optimize the management of the city’s net-
works, a remote monitoring system (with more than 250 mea-
sure points) using desktop computers and an information net-
work (TV cable) was developed in 1987 in collaboration with
both the Ecole Polytechnique Fédérale de Lausanne (EPFL)
and the CREM. There are 26 strategic sites equipped with
control panels to measure the flow of energy and resources
across the city. The information provided by the data proces-
sing networks are used to improve resource utilization in
order to reduce the environmental impacts of energy use. This
is complemented by the possibility provided to customers
through a subscription, to receive not only real-time informa-
tion on their own consumption (structure and quantity), but
also the overall city’s consumption.
One of the main long term objectives of Synergy has
always been to improve the city’s energy efficiency and
increase as possible the share of local energy resources. If we
refer to the conceptual model presented in figure 2, this objec-
tive is to move along the path to increased energy efficiency
and increased function fulfilment, in other words, a move step
by step over time towards Category D. After 20 years, two
examples show that the results obtained are more than satis-
factory. Firstly, the utility’s approach to the supply of heat
through the DHN corresponds to a typical case of a “use orien-
ted” strategy (Category C) especially because the construction
of that network back in 1980 was done only because it was
possible to form a pool of more than 100 buildings. In 1992
measures were taken to overcome the low efficiency of the
system, caused by a number of anomalies. Thanks to the sys-
tem put in place, the detection of these anomalies led to a bet-
ter use of resources (increased energy efficiency). As a result,
the system efficiency is increasing (see figure 3). Finally, as
the system also allows customers to see their heating load
curves on-line (a subscription is required), this in fact
improves the energy consumption of buildings. Similarly,
electricity customers who have subscribed to the information
package can see their electricity load curve on-line (www.sin-
web.ch). Consequently, they have the opportunity to analyse
the curves, improve their consumption patterns and therefore
minimize their consumption.
Figure 3: District heating energy efficiency. City of
Martigny (1985 - 2005)
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panies and equipment providers. The goal of this team is to develop integrated and generic solutions for the supply of ener-
gy services and their customization to customers’ needs (Category D). For this aim, a first step will consist in developing the
promotion of local renewable energy resources and distributed generation technologies. The reasons for this move include
the increasing heat demand and DHN heat inertia. In a second step, a pure service will be tested with the collaboration of
industrial partners, by means of a neuronal sensor network in an administrative existing building.
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